Analysis and Functional Annotation of Expressed Sequence Tags from the Asian Longhorned Beetle, Anoplophora glabripennis by Hunter, Wayne B. et al.
Analysis and functional annotation of expressed sequence tags
from the Asian longhorned beetle, Anoplophora glabripennis
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Abstract
.@=KA9FDGF?@GJF=<:==LD= Anoplophora glabripennis 'GLK;@MDKCQGD=GHL=J9=J9E:Q;A<9=AKGF=G>L@=EGKL
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KA?FA>A;9FLJGD=HD9Q=<:QD9L=KL9<A9D9JN9=AF@GKLLJ==<=;AE9LAGF9KE9DDK;9D=-.K=IM=F;AF?HJGB=;LO9K<GF=MKAF?
9;(DA:J9JQ;GFKLJM;L=<>JGEL@AFKL9J A. glabripennis	.@=J=KMDL9FL<9L9K=L;GFKAKL=<G>@A?@IM9DALQ-.KL@9L
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EGD=;MD9J>MF;LAGF:AGDG?A;9DHJG;=KK9F<9KKG;A9L=<;=DDMD9J;GEHGF=FL9;;GJ<AF?LGL@=!=F=)FLGDG?Q;D9KKA>A;9LAGF
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Introduction
.@= KA9F DGF?@GJF=< :==LD= Anoplophora glabripennis
'GLK;@MDKCQ GD=GHL=J9 =J9E:Q;A<9= AK 9 H=KL F9L
AN= LG =9KL=JF @AF9 9F< %GJ=9 &AF?9>=DL=J 9F< "G=
:=C= 

	 #F  L@AK AFK=;L O9K AFLJG<M;=< AFLG L@=
/FAL=< -L9L=K HJ=KME9:DQ NA9 OGG< H9;CAF? E9L=JA9DK
MK=< LG AEHGJL ;9J?G >JGE KA9 -EAL@ 
	 -AF;= ALK
AFALA9D <AK;GN=JQ AF L@= KL9L= G> (=O 3GJC AF>=KL9LAGFK
@9N= :==F <=L=;L=< AF #DDAFGAK *GD9F< =L 9D	  (=O
$=JK=Q "99;C 
 9F< L@= HJGNAF;= G> )FL9JAG
9F9<9  # 
 "99;C 
	 A. glabripennis ?JGO
9F< J=HJG<M;= GF 9F 9JJ9Q G> @9J<OGG<K AF;DM<AF?
E=E:=JK G> L@= ?=F=J9 Acer E9HD= Aesculus
@GJK=;@=KLFML Betula :AJ;@ Celtis @9;C:=JJQ Plantanus
HD9FL LJ== KQ;9EGJ= Populus HGHD9J Salix OADDGO 9F<
Ulmus =DE -9OQ=J 
 ,A; =L 9D	 
	 &9L=AFKL9J
?JM:K 9J= =KH=;A9DDQ <=KLJM;LAN= >GJ?AF? OAF<AF? ?9DD=JA=K
AFLG L@= @=9JLOGG< G> L@= LJ==	 .@AK >==<AF? :=@9NAGJ
;9MK=K :J9F;@ <A=:9;C 9F< AF ;9K=K G> @=9NQ GJ H=JKAKL=FL
AF>=KL9LAGFK ;9F J=KMDL AF KLJM;LMJ9D <=L=JAGJ9LAGF 9F< G>
L=FLJ==EGJL9DALQ"99;C=L9D		
MJ?=GFAF? ?DG:9DAR=< LJ9<= HJ=K=FLK 9 K=JAGMK ;@9DD=F?=
AF L@9L A. glabripennis FGO @9N= L@= GHHGJLMFALQ LG AF>ADL
J9L= NA9 EMDLAHD= HGAFLK G> =FLJQ EALA?9LAF? L@= =>>A;9;Q G>
L@= KE9DD FME:=J G> IM9J9FLAF= >9;ADALA=K ;MJJ=FLDQ AF
HD9;=	 /F<=L=;L=< L@AK <=N9KL9LAF? H=KL ;GMD< <AKK=EAF
9L= L@JGM?@GML J=?AGFK G> (GJL@ E=JA;9 O@=J= KMAL9:D=
@GKL LJ==K =PAKL	 (GO9C =L 9D	 
 =KLAE9L=< L@9L A> L@AK
G;;MJK MH LG 	
 :ADDAGF MJ:9F K@9<= LJ==K OAL@ 9 ;GE
H=FK9LGJQ N9DM= G>  :ADDAGF ;GMD< := DGKL	 1@AD= KM:
KL9FLA9D L@=K= >A?MJ=K <G FGL >9;LGJ AF ;GDD9L=J9D DGKK=K
KM;@ 9K <=?J9<=< 9=KL@=LA;K 9F< DGO=J=< HJGH=JLQ N9DM=K
FGJ <G L@=Q L9C= AFLG 9;;GMFL L@= HGL=FLA9D AEH9;L LG
:GL@;GEE=J;A9D9F<F9LMJ9D>GJ=KLKL9F<K	
L HJ=K=FL =J9<A;9LAGF =>>GJLK ;=FL=J GF L@= A<=FLA>A;9LAGF
9F< J=EGN9D G> LJ==K K@GOAF? KA?FK G> A. glabripennis AF>=KL
9LAGF	 K G> 

 	 EADDAGF O9K =PH=F<=< :Q >=<=J
9D KL9L= 9F< ;ALQ ?GN=JFE=FLK AF (=O 3GJC 9F< #DDAFGAK
9K H9JL G> L@AK HJG?J9E -L=O9JL 

	 .G ?9M?= L@= MLAD
ALQ G> KQKL=EA; AFK=;LA;A<=K 9K 9 KMHHD=E=FL LG L@AK =>>GJL
K;A=FLAKLK >JGE L@= /-  GJ=KL -=JNA;= H=J>GJE=< >A=D<
=N9DM9LAGFK AF O@A;@ LJ==K O=J= LJ=9L=< OAL@ =AL@=J AE
A<9;DGHJA< GJ L@AG;DGHJA<	 1@AD= KM;;=KK>MD AF J=<M;AF? A.
glabripennis HGHMD9LAGFK F=AL@=J ;GEHGMF< HJGNA<=< ;GE
HD=L=;GFLJGD*GD9F<=L9D	
	
)FDQ J=;=FLDQ @9K J=K=9J;@ :=?MF LG K@A>L >G;MK >JGE
;@=EA;9D:9K=< ;GFLJGD KLJ9L=?A=K LG L@= <=N=DGHE=FL G>
KMKL9AF9:D= :AG;GFLJGD 9DL=JF9LAN=K AF;DM<AF? =FLGEGH9L@
G?=FA; >MF?A J@9:<ALGA< F=E9LG<= KH=;A=K EA;JGKHGJ
A<A9 F9LMJ9D HJ=<9LGJK 9F< H9J9KALGA<K -EAL@ =L 9D	 


9F< J=>=J=F;=K L@=J=AF "9B=C =L 9D	 
 9K O=DD 9K 9JLA>A
;A9D DMJ=K 9F< :9AL
LJ9H LJ== KQKL=EK &A =L 9D	 
4@9F? =L 9D	 

	  MJL@=JEGJ= FGEAF9D =>>GJL @9K ?GF=
AFLG L@= AFN=KLA?9LAGF G> ?=FGE=:9K=< 9HHJG9;@=K >GJ
E9F9?=E=FL G> A. glabripennis	 .G >9;ADAL9L= L@AK OGJC GMJ
D9:GJ9LGJQ ;GF<M;L=< 9 KE9DDK;9D= -. K=IM=F;AF? HJG
B=;L 9F< HGKL=< HJ=DAEAF9JQ <9L9 LG L@= (9LAGF9D =FL=J
>GJ AGL=;@FGDG?Q #F>GJE9LAGF (# <:-. O@=J= AL AK
>J==DQ 9;;=KKA:D= LG L@= K;A=FLA>A; ;GEEMFALQ	 =;9MK= G>
L@= KA?FA>A;9FL JGD= HD9Q=< :Q D9L=KL9<A9 D9JN9= AF @GKL
LJ== <=;AE9LAGF L@AFKL9J A. glabripennis O=J= K=D=;L=< 9K
9:9K=>GJL@=LJ9FK;JAHLGE=KMJN=Q<=K;JA:=<@=J=AF	
Materials and Methods
Insects
 A>L@AFKL9J A. glabripennis O=J= G:L9AF=< >JGE 9 ;GDGFQ
E9F9?=< :Q 'A;@9=D -EAL@ 9L L@= /- ,- =F=>A;A9D
#FK=;LK #FLJG<M;LAGF ,=K=9J;@ /FAL (=O9JC 	 #F
K=;LK O=J= E9AFL9AF=< 9K HJ=NAGMKDQ <=K;JA:=< :Q M:GAK
=L 9D	 

	 &9JN9= O=J= ?JGMF< <AJ=;LDQ AF ?M9FA<AF=
AKGL@AG;Q9F9L= :M>>=J  D9JN9 H=J 
 ED :M>>=J 9F<
KLGJ=<9LUHJAGJLGK@AHE=FL	
RNA extraction and library construction
/HGF 9JJAN9D 9L L@= /- ,- /	-	 "GJLA;MDLMJ9D ,=
K=9J;@ &9:GJ9LGJQ  L	 *A=J;=  & L@= E9BGJALQ G>
K9EHD=K O=J= LJ9FK>=JJ=< LG 9F MDLJ9DGO L=EH=J9LMJ=
>J==R=J U >GJ 9J;@AN9D HMJHGK=K 9F< 9 KAF?D= D9JN9
O9K KM:B=;L=< LG >MJL@=J HJG;=KKAF?	 M>>=J ,&. +A9?=F
OOO	IA9?=F	;GE O9K 9<<=< LG L@= HJAE9JQ K9EHD= 9L

	2 L@= GJA?AF9D NGDME= 9DGF? OAL@  D E=J;9HLG
=L@9FGD	 .@= K9EHD= O9K HD9;=< 9L U >GJ  EAF
L@=F AF;M:9L=< 9L U >GJ 
 EAF	 #FL9;L LAKKM=K O=J=
>MJL@=J @GEG?=FAR=< OAL@ 9 +#-@J=<<=JV 9F< LGL9D
,( =PLJ9;L=< MKAF? 9F ,(=9KQV '9PA %AL +A9?=F 9;
;GJ<AF? LG L@= E9FM>9;LMJ=J]K AFKLJM;LAGFK	 .@= =DM9L=
O9K HJ=;AHAL9L=< AF 	 NGDME=K ' KG<AME 9;=L9L= 9F<

	 NGDME=K 9:KGDML= =L@9FGD 9L U GN=JFA?@L 9F< L@=
J=KMDL9FL H=DD=L J=KMKH=F<=< AF  D ,(9K=>J== O9L=J	
*GDQ ,( O9K HMJA>A=< MKAF? L@= 'A;JG*GDQ*MJ=
%AL E:AGF OOO	9E:AGF	;GE	  HJAE9JQ DA:J9JQ O9K
;GFKLJM;L=< OAL@ -LJ9L9?=F=]K 4*;(V &A:J9JQ
GFKLJM;LAGF %AL -LJ9L9?=F= OOO	KLJ9L9?=F=	;GE 9F<
KM:K=IM=FLDQ E9KK =P;AK=< MKAF? PKKAKLV "=DH=J *@9?=
-LJ9L9?=F=	 .@= DA:J9JQ @9< 9 LAL=J G> 	 P  ;GDGFQ
>GJEAF? MFALK H=J ED OAL@ AFK=JLK 9N=J9?AF? S

 :H	
.J9FK>GJE9FLK O=J= J=;GN=J=< :Q J9F<GE ;GDGFQ K=D=;
LAGF 9F< ?JGOF GN=JFA?@L 9L 
U 
 JHE AF & JGL@
KMHHD=E=FL=<OAL@E?
ED9EHA;ADDAF	
EST sequencing
*D9KEA< ( O9K =PLJ9;L=< MKAF? L@= +A9?=F &AIMA<
"9F<DAF? ,G:GL 'G<=D  AF ;GFBMF;LAGF OAL@ L@=
+#HJ=H  .MJ:G 'AFAHJ=H %AL 9;;GJ<AF? LG L@= J=
;GEE=F<=< HJGLG;GD	 -AF?D=H9KK K=IM=F;AF? O9K H=J
>GJE=< MKAF? L@= # *,#-'V A?Q=W *JAE=J Q;D=
-=IM=F;AF? %AL HHDA=< AGKQKL=EK
OOO	9HHDA=<:AGKQKL=EK	;GE 9F< 9 MFAN=JK9D . HJAE=J	
,=9;LAGF HJG<M;LK O=J= HJ=;AHAL9L=< J=KMKH=F<=< AF 
?EB>1<?6>C53D'395>35*?<KBD93<5
 E>D5B5D1<
?EB>1<?6>C53D'395>35KGGG9>C53DC395>35?B7 D KL=JAD= O9L=J 9F< DG9<=< GFLG 9F #  ( F9
DQR=JHHDA=<AGKQKL=EK	
Sequence analysis
9K= ;9DDAF? O9K H=J>GJE=< :Q .J9;=.MF=JW *9J9;=D
OOO	H9J9;=D	;GE 9F< DGOIM9DALQ :9K=K IM9DALQ K;GJ=

 O=J= KLJAHH=< >JGE :GL@ =F<K G> =9;@ -.	 +M9DALQ
LJAEEAF? N=;LGJ LJAEEAF? 9F< K=IM=F;= >J9?E=FL
9DA?FE=FLK O=J= =P=;ML=< MKAF? -=IM=F;@=JW KG>LO9J=
!=F= G<=K OOO	?=F=;G<=K	;GE	 -=IM=F;@=J ;GFLA?
9KK=E:DQ H9J9E=L=JK O=J= K=L MKAF? 9 EAFAEME GN=JD9H
G>  :H 9F<  A<=FLALQ	 GFLA?K BGAF=< :Q N=;LGJ K=
IM=F;= O=J= >D9??=< >GJ HGKKA:D= EAKK9KK=E:DQ 9F<
E9FM9DDQ =<AL=<	 .@= -. K=IM=F;=K J=HGJL=< AF L@AK
KLM<Q @9N= :==F <=HGKAL=< AF !=F9FC]K <:-. MF<=J
9;;=KKAGFFME:=JK,,	
Sequence annotation and Gene Ontology
classification
*ML9LAN= K=IM=F;= A<=FLALQ O9K <=L=JEAF=< :9K=< GF
&-. KAEAD9JALQ K=9J;@=K MKAF? L@= (# &-. K=JN
=J OOO	F;:A	FDE	FA@	?GN OAL@ ;GEH9JAKGFK E9<= LG
:GL@ FGFJ=<MF<9FL FM;D=A; 9;A< 9F< HJGL=AF <9L9:9K=K
MKAF? &-.( 9F< &-.2 J=KH=;LAN=DQ	 '9L;@=K
OAL@ 9F N9DM= X O=J= ;GFKA<=J=< KA?FA>A;9FL 9F<
O=J= ;D9KKA>A=< 9;;GJ<AF? LG L@= !=F= )FLGDG?Q ;D9KKA>A;9
LAGF KQKL=E	 #F L@= ;9K= G> ! FME:=JK =	?	
!* 9FFGL9LAGFK O=J= ;GF>=JJ=< MKAF? L@= 9K
KG;A9L=< 0 L=JE HJGNA<=< :Q  DQ9K=
OOO	>DQ:9K=	GJ?	 DD GL@=J K=IM=F;=K O=J= 9KKG;A9L=<
OAL@ 9 EGD=;MD9J >MF;LAGF :AGDG?A;9D HJG;=KK 9F< ;=DDMD9J
;GEHGF=FL :9K=< GF K=9J;@=K LG L@= !=F= )FLGDG?Q
<9L9:9K= OOO	?=F=GFLGDG?Q	GJ?	 MKLGE *=JD K;JAHLK
9F< P;=D KHJ=9<K@==LK O=J= MK=< >GJ &-. H9JKAF?
9F< L9:D= ?=F=J9LAGF	 .@= -A?F9D* 	 -=JN=J O9K MK=< LG
HJ=<A;L L@= HJ=K=F;= 9F< DG;9LAGF G> KA?F9D H=HLA<= ;D=9N
9?=KAL=KOOO	;:K	<LM	<C
K=JNA;=K
-A?F9D*
	
Results and Discussion
General overview
 KAF?D= A. glabripennis D9JN9 O9K MK=< >GJ L@AK KLM<Q KG L@9L
9DD=DA; N9JA9LAGFK OAL@AF 9F AF<ANA<M9D -. 9DD=D= ;GMFLK
;GMD< := <AKLAF?MAK@=< >JGE L@GK= L@9L E9Q =PAKL 9;JGKK 9
HGHMD9LAGF HGHMD9LAGF 9DD=D= >J=IM=F;Q	 =F< GF=H9KK
K=IM=F;AF? G> L@= ;( DA:J9JQ QA=D<=< 
 -.K G>
O@A;@  O=J= <=KA?F9L=< 9K @A?@ IM9DALQ A	=	 Y

:9K=K OAL@ 9 .J9;=.MF=JW K;GJ= G> 
 GJ :=LL=J	 -.K
J9F?=< AF KAR= >JGE 
 LG 
 :9K=K OAL@ 9F 9N=J9?=
D=F?L@ G>  :9K=K	 /HGF 9KK=E:DQ L@=K= K=IM=F;=K
O=J= ;GF<=FK=< LG >GJE  ;GFLA?MGMK K=IM=F;=K
;GFLA?K D=9NAF?  9K KAF?D=LGFK	 GFLA?K 9F< KAF?D=LK
LG?=L@=J ;MDEAF9L=< AF  MFAIM= K=IM=F;=K L@9L HML9L
AN=DQ J=HJ=K=FL <AKLAF;L LJ9FK;JAHLK	 GFLA?K J9F?=< AF KAR=
>JGE 
 LG 

 :9K=K OAL@ 9F 9N=J9?= D=F?L@ G> 
:9K=K O@=J=9K KAF?D=LGFK N9JA=< >JGE 
 LG 
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7 ;GFKAKL=< G> 9 KAF?D= ),  ;GFL9AFAF? L@=
=FLAJ= ;G<AF? <GE9AF G> 9 HML9LAN= HJGL=AF H9J9DD=DAF? D.
melanogaster ;A:GMDGL ;A:	 &AC= E=D6;A: L@= LJ9FKD9L=<
K=IM=F;= G> L@= A. glabripennis ;G<AF? <GE9AF AK @A?@DQ
;GF?JM=FL 9L D=9KL GF 9F 9EAFG 9;A< D=N=D LG L@QEGK
AFK =	?	 Bombyx mori L@QEGKAF AKG>GJE 
 	 9;
;=KKAGF FG	  	 #F H9JLA;MD9J 9F 9;LAF :AF<AF?
EGLA> >GMF< AF :GL@ L@QEGKAFK 9F< ;A: O9K A<=FLA>A=< 9K
%&%"..+%Z OAL@AF L@= 1"&5

7 ), 
(9;@EA9K 	 "GO=N=J 9K G:K=JN=< AF E=D6;A:
?D96;A: E9Q HGKK=KK :AG;@=EA;9D HJGH=JLA=K ;GEH9J9:D=
LG HJG>ADAF J9L@=J L@9F L@QEGKAF OAL@ :AF<AF? LG EGFG
E=JA; 9;LAF G;;MJJAF? =P;DMKAN=DQ 9L L@= :9J:=< GJ HDMK
=F< G> L@= >AD9E=FL 9F< =F@9F;=< 9;LAF:9K=< EGLADALQ
G:K=JN=< in vitro &GAK=D =L 9D	 	 .@AK J=?MD9LAGF G>
9;LAF 9KK=E:DQ AK L@GM?@L LG := 9 C=Q >9;LGJ ?GN=JFAF?
9PGF9D GML?JGOL@ <MJAF? L@= <A>>=J=FLA9LAGF =N=FLK L@9L
MF<=JDA=:J9AFE=L9EGJH@GKAKGIM=L=L9D	
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Muscle development
1"&57 9F< 1"& O=J= ;9L9DG?M=<
MF<=J L@= LJ9FK;JAHL ;D9KK [EMK;D= <=N=DGHE=FL\	 D
L@GM?@ 9FFGL9L=< :9K=< GF FGFLJ9;=9:D= 9ML@GJ KL9L=
E=FLK DAKL=< AF =AL@=J (#]K !=F9FC GJ  DQ9K= L@=K=
9KK=E:D=< K=IM=F;=K ;D=9JDQ HGKK=KK K=IM=F;= KAEAD9JALQ
LG ;GEEGFDQ 9;;=HL=< EMK;D=9KKG;A9L=< HJGL=AFK KM;@ 9K
EMK;D=HJGL=AF
DAC=HJGL=AF9F<EMK;D=&#'HJGL=AF	
Cuticle development and puparium
formation
.J9FK;JAHLK L@9L HGL=FLA9DDQ ;G<= >GJ HJGL=AFK AFNGDN=< AF
;MLA;D= :AGKQFL@=KAK O=J= 9DKG A<=FLA>A=< OAL@AF L@= A.
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glabripennis DA:J9JQ	  GJ =P9EHD= 1"&
 K@GO=<
KA?FA>A;9FL K=IM=F;= KAEAD9JALQ LG L@= ;G9L HJGL=AF ;GE
HD=P )*## KE9DD ! HJGL=AF -9J	 #F 
 :J9EK 9F<
F<J=O >GMF< L@9L EML9LAGFK G> L@AK ?=F= AF Drosophila
J=KMDL=< AF 9 J9F?= G> ;MLA;D= <=>=;LK AF;DM<AF? J=<M;=<
;MLA;D= D=F?L@ 9F< HA?E=FL9LAGF 9K O=DD 9K ;@9F?=K AF
N=FLJ9D<=FLJA;D=9F<<GJK9D@9AJEGJH@GDG?Q	
.OG -.K 9DA?F=< LG >GJE 1"&5
7 9 ;GFLA?MGMK
K=IM=F;= OAL@ @GEGDG?Q LG D. melanogaster Q=DDGO>

5!*7	 .@AK =FRQE= HD9QK 9 E9BGJ JGD= AF E=D9F
AR9LAGF J=9;LAGFK L@9L E9Q ;GFLJA:ML= LG K;D=JGLAR9LAGF

L9FFAF? G> L@= D9L= KL9<A9 GJ 9<MDL AFK=;L ;MLA;D= "9F =L
9D	 

	 #F 9<<ALAGF 1"& 9F<
1"&
 J=LMJF=< E9L;@=K LG ;JQHLG;=H@9D ;J;
5!* AKG>GJE  AKG>GJE 
7 9F< ?DM;GK= <=@Q<JG
?=F9K= !D< J=KH=;LAN=DQ	 !=F= =PHJ=KKAGF 9F< <=D=LAGF
KLM<A=K @9N= K@GOF L@9L :GL@ !D< 9F< ;J; 9;L =AL@=J AF J=
KHGFK= LG L@= D9L= D9JN9D =;<QKL=JGA< HMDK= GJ AF L@= J=?M
D9LAGF G> =;<QKGF= :AGKQFL@=KAK
K=;J=LAGF <MJAF? L@= GF
K=LG>HMH9JA9LAGFF<J=K=L9D	 "=O=K=L9D	
	
Imaginal disc morphogenesis
1"&
 ;DGK=DQ J=K=E:D=< D. melanogaster LOAFK
LOK 5!
* AKG>GJE 7 OAL@ 9  A<=FLALQ 9F<
 HGKALAN=K	 .@AK ?=F= HJG<M;L O9K GJA?AF9DDQ
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<AK;GN=J=< NA9 9 *=D=E=FL EML9LAGF L@9L AF<M;=< L@=
>GJE9LAGF G> =PLJ9 9FD9?=F AF L@= HGKL=JAGJ ;GEH9JLE=FL
G> L@= OAF? <AK; G> Drosophila /=EMJ9 =L 9D	 	 .@AK
H@=FGE=FGF G> HJ=;MJKGJ <MHDA;9LAGF ADDMKLJ9L=K L@= AE
HGJL9F;= G> H@GKH@GJQD9LAGF 9F< <=H@GKH@GJDQ9LAGF
=N=FLK AF L@= J=?MD9LAGF G> LAKKM= H9LL=JF KH=;A>A;9LAGF FGL
GFDQ AF J=D9LAGF LG AE9?AF9D <AK; EGJH@G?=F=KAK :ML 9DKG
AF J=?9J<K LG K=N=J9D GL@=J ;JM;A9D <=N=DGHE=FL9D HJG
;=KK=K AF;DM<AF? E9LMJ9LAGF G> L@= H=JAH@=J9D F=JNGMK KQK
L=E 9F< <=L=JEAF9LAGF G> H@GLGJ=;=HLGJ >9L= AF L@= ;GE
HGMF< =Q=	 #F 
 9BH9A =L 9D	 >MJL@=J <=EGFKLJ9L=<
L@9L E=D6twsj11C8 O@A;@ ;G<=K >GJ L@= 
*, J=?MD9L
GJQ KM:MFAL G> HJGL=AF H@GKH@9L9K= 
 **
 >MF;LAGFK
9K 9 HGKALAN= J=?MD9LGJ G> 1?
1FL KA?F9DAF?	 .@AK KA?F9D
LJ9FK<M;LAGF H9L@O9Q O9K 9DKG DAFC=< LG KAF?D=LGFK
1"& 1"& 9F< 1"&
9DL@GM?@ L@=AJ JGD=K AF AFK=;L <=N=DGHE=FL E9Q AFNGDN=
9DL=JF9L= :AGDG?A;9D HJG;=KK=K KM;@ 9K >9LLQ9;A<
J=LAFGA<
:AF<AF?9F<DAHA<LJ9FKHGJL	
Photoreceptor morphogenesis
1"&

 HGKK=KK=< K=IM=F;= KAEAD9JALQ LG D.
melanogaster ,9:  5!!* AKG>GJE 7 9 KE9DD
!.*9K= AEHDA;9L=< AF 9 N9JA=LQ G> LJ9>>A;CAF? =N=FLK 9KKG
;A9L=< OAL@ H@GLGJ=;=HLGJ L=JEAF9D <A>>=J=FLA9LAGF AF;DM<
AF? ;GDG;9DAR9LAGF OAL@ J@G<GHKAF 9L L@= :9K= G> L@= J@9:
<GE=J= >GJE9LAGF G> EMDLAN=KA;MD9J :G<Q '0 =F<G
KGE9D ;GEH9JLE=FLK 9F< <=N=DGHE=FL G> KH=;A9DAR=<
KLJM;LMJ=K OAL@AF !9JD9F< ;=DDK -9LG@ =L 9D	 
	 &AC=
OAK= 1"& J=LMJF=< 9 KA?FA>A;9FL &-. @AL
LG 'G=KAF 9F AFL=?J9D ;GEHGF=FL AF Drosophila H@GLGJ=
;=HLGJ EGJH@G?=F=KAK	 DL@GM?@ L@= KAF?D=LGF J=HJ=K=F
L=< GFDQ 9 H9JLA9D ;G<AF? <GE9AF IM=JQ G> L@= LJ9FKD9L=<
K=IM=F;= MKAF? ,*-&-. J=N=9D=< 9 HGJLAGF G> L@= (
L=JEAF9D  ,' <GE9AF  ,'8 ;GF>AJEAF? ALK HD9;=
E=FL OAL@AF L@= RJAF,9<APAF'G=KAF ,' >9EADQ G>
HJGL=AFK	 1@AD= L@=K= HJGL=AFK 9J= :JG9<DQ 9KKG;A9L=< OAL@
9;LAF:9K=< K;9>>GD<AF? ?=F= <AKJMHLAGF KLM<A=K AFNGDNAF?
,(A 9F< DGKKG>>MF;LAGF EML9LAGFK AF Drosophila @9N=
KM??=KL=< L@9L E=D6'G= AF H9JLA;MD9J AK =KK=FLA9D >GJ
HJGH=J 9KK=E:DQ G> L@= 9HA;9D E=E:J9F= KC=D=LGF L@9L
KMHHGJLK L@= EA;JGNADD9J 9JJ9Q G> L@= J@9:<GE=J=
%9J9?AGKAK9F<,=9<Q
	
Conclusions
.@AK KLM<Q J=HJ=K=FLK L@= >AJKL AFN=KLA?9LAGF J=?9J<AF? L@=
LJ9FK;JAHLGE= G> A. glabripennis	 .@= J=KMDL9FL K=IM=F;=
<9L9 @9K :==F E9<= 9N9AD9:D= LG L@= HM:DA; 9F< @9K :==F
;9L9DG?M=< 9;;GJ<AF? LG 9 ;GFLJGDD=< NG;9:MD9JQ LG >9;AD
AL9L= MK= G> L@= <9L9K=L AF >MLMJ= KLM<A=K	  MJL@=J K=N=J9D
LJ9FK;JAHLK @9N= :==F A<=FLA>A=< L@9L 9J= KH=;A>A; LG A.
glabripennis L@9L E9Q := AFNGDN=< AF ?JGOL@ 9F< EGJH@G
?=F=KAK	 GDD=;LAN=DQ L@=K= K=IM=F;=K HJGNA<= 9 KLJGF?
>GMF<9LAGF >GJ >MF;LAGF9D ?=FGEA;K KLM<A=K L@9L OADD =F
9:D= L@= <=N=DGHE=FL G> EGJ= :AGJ9LAGF9D ;GFLJGD E=9K
MJ=KLG;GE:9LL@AKAFN9KAN=H=KL	
Disclaimer
.@= MK= GJ E=FLAGF G> 9 LJ9<=E9JC GJ HJGHJA=L9JQ
HJG<M;L <G=K FGL ;GFKLALML= 9F =F<GJK=E=FL ?M9J9FL==
GJ O9JJ9FLQ G> L@= HJG<M;L :Q L@= /	-	 =H9JLE=FL G>
?JA;MDLMJ= FGJ <G=K AL AEHDQ 9HHJGN9D LG L@= =P;DMKAGF G>
GL@=JKMAL9:D=HJG<M;LK	
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	 Drosophila
.OAFK J=?MD9L=K JE9<ADDG D=N=DK AF J=KHGFK= LG 1?
1FL KA?F9D	
Development  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